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Precise relative gravity measurements conducted in Long Valley (California) in 1982 and 1998 reveal a decrease in gravity of as much as Ϫ107 Ϯ 6 microgals (1 microgal ϭ 10 Ϫ8 meters per square second) centered on the uplifting resurgent dome. A positive residual gravity change of up to 64 Ϯ 15 microgals was found after correcting for the effects of uplift and water table fluctuations. Assuming a point source of intrusion, the density of the intruding material is 2.7 ϫ 10 3 to 4.1 ϫ 10 3 kilograms per cubic meter at 95 percent confidence. The gravity results require intrusion of silicate magma and exclude in situ thermal expansion or pressurization of the hydrothermal system as the cause of uplift and seismicity.
Calderas are collapse structures associated with the world's largest volcanic eruptions (1) . Several Quaternary calderas exhibit signs of restlessness, including seismicity and uplift, which may last for tens of years ( Fig. 1 ). Uplift at better studied shield volcanoes is unambiguously associated with magma accumulation in the shallow crust (2) . The fact that some calderas have subsided without eruption or clear evidence of intrusion into the adjacent crust [Campi Flegrei (3) and Yellowstone (4); see Fig. 1 ] has led some to suggest that the uplift and seismicity are caused by perturbations to the calderas' hydrothermal systems rather than intrusion of magma (5, 6) .
Differentiating between magmatic intrusion on the one hand and thermal expansion or pressurization of the caldera hydrothermal system on the other is critical for accurate assessment of volcanic hazards. Only repeated microgravity measurements can discriminate between these processes (7) . Before gravity changes can be interpreted, however, they must be corrected for the effects of uplift (the free-air correction) and changes to the depth of the water table (7, 8) . The resultant, or residual, gravity changes can be used to constrain the density and mass of the deformation source (9) . Direct measurements of water table changes are rare (8) , leading to various strategies to minimize this effect (10) .
Long Valley caldera (Fig. 2) , located on the eastern front of the Sierra Nevada range in California, formed by collapse of the roof of the magma chamber during the catastrophic eruption of the Bishop Tuff 0.73 million years ago (Ma) (11) . Since mid-1980, the caldera has experienced ground uplift ( Fig. 1) and numerous earthquake swarms, prompting the U.S. Geological Survey (USGS) to issue a "Notice of Potential Volcanic Hazard" for a few months in 1982 and to start an intensive monitoring effort in the area (12) . Modeling of the ground deformation (13) and seismicity (14) suggests inflation of a magma reservoir beneath the caldera.
The precise gravity network in Long Valley (15) , which extends from the Sierra Nevada west of Lee Vining to the White Mountains east of Bishop (Fig. 2) , was surveyed annually from 1980 to 1985 (8) . Earlier efforts at detecting and interpreting gravity changes were hampered by the small accumulated signal and the difficulty in correcting for shallow groundwater fluctuations, which may overwhelm gravity changes due to intrusion (8) . During the July 1998 survey, we measured 34 gravity stations (Fig. 2) . Each station was measured with two LaCosteRomberg gravimeters during two complete loops per day, with the reference station measured three times per day. Data reduction included the removal of solid Earth tides and daily gravimeter drift (16) . Between July 1982 and July 1998, gravity within the caldera decreased substantially (Fig. 3A) , whereas three control stations located on stable granite outcrops more than 5 km outside the caldera showed no substantial change ( Table 1 ). The stations with the largest gravity decrease are all located on the resurgent dome, which has experienced uplift during the past 20 years (Fig. 3B) .
Long-term monitoring programs for ground deformation (13) and groundwater level (17) were established by the USGS between 1980 and 1982 (Fig. 2) We used kriging (19) , an interpolation method, to estimate the uplift at each of the gravity sites for which direct measurements are lacking. The accuracy of the kriging interpolation can be tested by cross validation (Fig. 4A) . With cross validation, a level benchmark is omitted from the estimation. The kriging estimate at that point is then compared with the true value. Along Highway 395, the root mean square cross-validation errors were about 20 mm. We estimated the uncertainty in the free-air corrections by modeling the probability distribution of the uplift, conditional on the existing data, through sequential Gaussian simulation (19, 20) . The stated uncertainties in the free-air corrections are based on the standard deviation of the simulated uplift. In general, the kriging estimates are accurate at gravity sites close to leveling benchmarks but are poor at sites distant from the leveling lines (Fig. 3B) .
The water table contribution to the measured gravity changes is estimated with space-time kriging (21) to interpolate the depth to the water table at each of the gravity sites at the times of the gravity surveys. Cross validation indicates that, at least in some cases, kriging provides a good estimate of the water level history (Fig. 4 , B and C, and Table 2 ). Porosity is assigned to each site on the basis of the local rock type: 5% for granite outcrops, 10% for volcanic flows, and 45% for unconsolidated sediments (22) . The net effect on the gravity measurements is small, typically 1 to 4 gal, the largest being Ϫ7 gal. The uncertainties in the water table correction depend on how close the site is to a monitoring well, the quality of the data from that well, and the porosity. Estimated errors, based on simulation of the water table level histories and assuming a 10% uncertainty in the porosity, range from a low of 3 gal on granite and rhyolite outcrops to a maximum of 57 gal for one sediment site.
The residual gravity field shows a prominent positive anomaly centered on the resurgent dome (Fig. 3C) with a peak amplitude of 64 Ϯ 16 gal. The anomaly is defined by gravity changes in excess of 40 gal at five stations (Fig. 3C) . The variance of the residual gravity change is the sum of the measurement variance, the variance of the free-air correction, and the variance of the water table correction. The secondary maximum of 58 Ϯ 44 gal in the eastern caldera is due primarily to a single station. The large uncertainty in the free-air correction and water table change at this site, as well as possible systematic errors, suggests that the secondary maximum Fig. 2 (above) . Map of Long Valley caldera showing networks for monitoring gravity, uplift, and groundwater level. Gravity stations: BR, Benton Range; LV, Lee Vining; RC, Rock Creek Lake; and TP, Tom's Place. All gravity readings were taken relative to Tom's Place. About 0.1 million years after the caldera collapse, renewal of magma pressure at depth uplifted the central part of the caldera floor, forming a resurgent dome about 10 km in diameter and 500 m high (11) . Mammoth Mountain, a quiescent dacitic volcano, is the site of a diffuse CO 2 emission, responsible for killed trees over a 30-ha area (34) . should be viewed with caution (23) .
The positive residual gravity (⌬g R ) signal suggests intrusion into the subcaldera crust. We estimated the depth of the intrusion assuming a simple spherically symmetric point source (9) (Fig. 5A) , although we do not preclude more complex models:
Here G is the gravitational constant, ⌬M is the mass of the intrusion, d is the depth of the intrusion, and r is the horizontal distance from the point source. This gives a depth of 10.6 km and a mass of 7.4 ϫ 10 11 kg. We used a bootstrap percentile method (24 ) , which yielded 95% confidence bounds on the depth and intrusion mass of 6.9 to 18.3 km and 3.8 ϫ 10 11 to 17.8 ϫ 10 11 kg, respectively. The estimated source depth agrees with estimates from point source models (25) of the uplift (Fig. 5B) . We used only observed height differences from 1982 to 1997, not kriging estimates, in this calculation. This yielded a source depth of 11.6 km (95% bounds of 10.0 to 13.8 km) and a volume increase of 0.22 km 3 (95% bounds of 0.16 to 0.32 km 3 ). Given that the uplift and gravity changes are consistent with a single point source, we can estimate the density of the intrusion by (9):
where ϭ 0.25 is Poisson's ratio, ⌬g/u z is the slope of the best fit line for gravity (corrected for water table effects) versus uplift u z , and ␥ ϭ 308.6 gal/m is the free-air gradient (Fig. 5C ). This leads to an estimated density of 3.3 ϫ 10 3 kg/m 3 . The 95% bootstrap confidence bounds on the density are 2.7 ϫ 10 3 to 4.0 ϫ 10 3 kg/m 3 . The lower end of this range would suggest basaltic intrusion (26); however, the density estimates are conditioned on the point source approximation and thus must be used with some caution. The data do, however, exclude thermo-elastic deformation, which would yield a negligible residual gravity signal (27) , or hydrothermal fluids, which would lead to densities much less than estimated.
The volume of the intrusion can be computed by dividing the estimated mass addition (7.4 ϫ 10 11 kg) by the estimated density The results of the gravity study are consistent with other geophysical and geological observations in Long Valley. Eruption of moat rhyolites at 0.5, 0.3, and 0.1 Ma suggests that the magma chamber is sustained by periodic injection of basalt from the mantle (11) . Teleseismic tomography shows a 25 to 30% low-velocity zone centered at 11.5-km depth beneath the resurgent dome and a deeper, more diffuse 15% lowvelocity zone at 24.5-km depth (29) . The shallow zone has been interpreted to be the residual Long Valley magma chamber, whereas the deeper feature may represent basaltic magmas ponded in the midcrust (29) .
The gravity gradients ⌬g/u z observed in this study of 215 Ϯ 11 gal/m are similar to those measured during inflation episodes at Campi Flegrei, 213 Ϯ 6 gal/m (3), and Rabaul caldera, Papua New Guinea, 216 Ϯ 4 gal/m (30). At Rabaul caldera, samples from the 1997 eruptions showed evidence of mixing of dacite and basalt, the basalt presumed to be freshly intruded (31) . In Long Valley, the evidence therefore suggests that basaltic magma has been intrud- Fig. 2 . Correlation between experimental data and kriging estimate is 92% for AP and 31% for LAV-1. The PTEN gene encodes a phosphatase homozygously mutated in a high percentage of human tumors (1, 2) . Heterozygous inactivation of PTEN results in three human dominant disorders: Cowden disease, BannayanZonana syndrome, and Lhermitte-Duclos syndrome (3). Disruption of Pten in the mouse results in early embryonic lethality (4) . Pten heterozygous (Pten ϩ/Ϫ ) mice display hyperplastic-dysplastic features as well as high tumor incidence (4). The complete penetrance of the hyperplastic-dysplastic changes suggests that these features could be due to Pten haploinsufficiency. However, the specific biological consequences of Pten haploinsufficiency remain unclean as well as whether complete Pten inactivation must occur for full neoplastic transformation. A major substrate of PTEN is phosphatidylinositol trisphosphate (PIP-3), a lipid second messenger produced by PI 3-kinase (5). In the absence of Pten activity, PIP-3 concentrations are increased, leading to enhanced phosphorylation and activation of the survival-promoting factor Akt/PKB (6) . Pten Ϫ/Ϫ embryonic stem cells and mouse embryonic fibroblasts are protected from some apoptotic stimuli (6) , which suggests that Pten can inhibit Akt-dependent survival signals induced in response to PI 3-kinase activation. Here, we show that Pten haploinsufficiency results in a lethal autoimmune disorder and that Fas-mediated apoptosis is impaired in Pten ϩ/Ϫ mice. Almost 100% of Pten ϩ/Ϫ females (44 of 45, in the C57BL6/129Sv background) developed, between 4 and 5 months of age, a severe lymphoadenopathy affecting mainly the submandibular, axillary, and inguinal lymph nodal stations (Fig. 1A) . The mice died, most likely of renal failure (see below), before they were 1 year old. Male mutants were more mildly affected, with 83% of the animals (20 of 24) developing less severe lymph node hyperplasia by 8 months of age and surviving up to at least 15 months.
Gross pathological analysis consistently revealed features that are typically observed in autoimmune disorders:
1) The spleen was enlarged and the lymph nodes were markedly hyperplastic (Fig. 1B) . Histological examination (7) showed that
